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Chapter 3
Changes in lens stiffness due 
to capsular opacification in 
accommodative lens refilling
Lisanne M. Nibourg, Prashant K. Sharma, Theo G. van Kooten,  
and Steven A. Koopmans
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This chapter is an edited version of the manuscript: Nibourg L.M., Sharma P.K., van Kooten T.G., 
Koopmans S.A., 2015. Changes in lens stiffness due to capsular opacification in accommodative 
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Abstract 
Accommodation may be restored to presbyopic lenses by refilling the lens capsular bag with 
a soft polymer. After this accommodative lens refilling prevention of capsular opacification 
is a requirement, since capsular opacification leads to a decreased clarity of the refilled 
lens. It has been hypothesized that capsular fibrosis causing the capsular opacification 
results in increased stiffness of the lens capsular bag, therewith contributing to a decrease 
in accommodative amplitude of the lens. However, the change in viscoelastic properties 
of refilled lenses due to capsular fibrosis has never been measured directly. In this study 
we examined natural lenses from enucleated porcine eyes and refilled lenses directly after 
refilling and after three months of culturing, when capsular fibrosis had developed, and 
determined their viscoelastic properties with a low load compression tester. Control refilled 
lenses were included in which capsular opacification was prevented by treatment with 
actinomycin D. We related lens stiffening to the degree of capsular opacification, as derived 
from the microscopic images taken with a confocal laser scanning microscope. Overall, 
the refilled lenses directly after refilling were softer than refilled lenses after three months 
of culturing, and refilled lenses treated with actinomycin D were softer compared with 
untreated refilled lenses. The degree of capsular opacification as assessed by microscopy 
corresponds to an increase in lens stiffness. This indicates that the viscoelastic properties 
of the refilled lens are influenced by capsular fibrosis and modulated by treatment of the 
lens epithelium. In conclusion, this study shows that the development of capsular fibrosis 
negatively affects the viscoelastic properties of isolated, cultured refilled lenses. 
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3.1 Introduction 
In recent years, there has been an increasing interest in the prevention of posterior 
capsular opacification (PCO), as has been reviewed by Wormstone et al. (2009). PCO 
is a common side-effect of cataract surgery. With cataract surgery, the opacified lens 
fibers are extracted, and an intraocular lens (IOL) is placed into the capsular bag. Usually, 
lens epithelial cells (LECs) situated on the anterior capsule are left behind. These are 
the cells mainly responsible for the formation of PCO. During the development of PCO, 
the residual LECs proliferate, transdifferentiate, and migrate to the posterior capsule. 
PCO results in a decrease of vision in months to years after the initial cataract surgery 
and is mostly treated with a neodymium-doped yttrium aluminium garnet (Nd:YAG) laser 
capsulotomy. Complications of this Nd:YAG laser therapy include damage to the IOL, 
elevation of the intraocular pressure, cystoid macular edema, and increased incidence 
of retinal detachment (Aslam et al., 2003). Beside the possible complications, the 
considerable high procurement costs of a Nd:YAG laser make laser capsulotomy not 
universally available for all patients suffering from PCO. Hence there is a strong need 
to determine how to prevent PCO instead of performing this treatment which results in 
additional costs and possible complications.
The ongoing development of new intraocular lenses also results in a need for the 
prevention of PCO and more in general overall capsular opacification (CO) as the anterior 
capsule often is saved in new, proposed lens replacement strategies. Prevention is for 
instance important for the development of an injectable accommodating lens to restore 
accommodation after the development of presbyopia (Haefliger et al., 1987, Koopmans 
et al., 2003, Nishi and Nishi, 1998). In order to enable accommodation, the stiffened lens 
fibers are removed and the lens capsular bag is refilled with a soft transparent polymer. 
With this technique, the whole lens capsule including the anterior and posterior lens 
capsule remain in situ, allowing aberrant LEC growth and subsequent opacification on 
anterior and posterior sides of the capsular bag. 
When an injectable accommodating lens is implanted, it is not desirable to destroy 
the capsular bag by a Nd:YAG laser capsulotomy, because then the injected material will 
leak out of the capsular bag into the anterior or posterior segments of the eye. Furthermore, 
CO after injection of a polymer in the capsular bag not only causes a decrease in lens 
clarity, but may also stiffen the lens due to the presence of the fibrotic tissue. The presence 












monkey eyes that were refilled with a silicone polymer (Koopmans et al., 2006, Koopmans 
et al., 2014). The decrease in accommodative amplitude in these monkeys was probably 
the result of CO, although the possibility that other factors such as changes to the ciliary 
muscle after the implantation procedure or the reduced adhesion between lens capsule 
and lens refilling material as a cause cannot be completely ruled out (Koopmans, 2006).
In order to investigate the independent role of CO on the viscoelastic properties of 
lenses, we examined natural and refilled porcine lenses directly after the refilling procedure 
and after three months of culturing, after which capsular fibrosis had developed. The 
viscoelastic properties were measured with the low load compression tester (Sharma et 
al., 2011). After in vivo implantation of an accommodative lens, measurements of the 
changes in lens viscoelastic properties during the development of CO are not possible 
since the lenses are then situated in an eye, thus allowing indirect measurements only. In a 
set-up using enucleated porcine lenses in culture we were able to examine the process of 
lens stiffening due to capsular fibrosis directly. Additionally, we analyzed the viscoelastic 
properties of refilled lenses treated with the cytotoxic agent actinomycin D, in order to 
prevent the development of CO, and compared these measurements with untreated 
refilled lenses. 
3.2 Material and methods 
lenses
Eyes from approximately six month old pigs (Sus domesticus) were obtained from the 
local slaughterhouse, lenses were extracted, and the viscoelasticity was measured within 
eight hours post-mortem. The lenses were divided into five groups. The first group of 
nine natural lenses served as a control, the lenses were extracted and the viscoelasticity 
was measured (natural, N). In the following group of seven lenses, the lens fibers were 
removed, the lenses were refilled with a silicone polymer and the viscoelasticity was 
measured (refilled, R). The next group consisted of ten lenses which were refilled and 
cultured for three months before the viscoelasticity was measured (refilled cultured, RC). 
The last two groups of eight and seven lenses underwent respectively mild (10 µg/ml 
for 5 minutes) and strong treatment (50 µg/ml for 1 hour) with actinomycin D dissolved 
in purified water (milli-Q, EMD Millipore Corporation, Billerica, USA) before the lenses 
were refilled (treatment cultured mild and strong, TC mild and TC strong). Subsequently, 
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these lenses were cultured for three months and were then measured for viscoelasticity. 
All groups started with ten samples but due to either fungal contamination or filling errors 
(under or overfilling) some lenses had to be left out from further statistical analysis.
Surgical refilling procedure
The following surgical procedure is based on the method previously described by 
Koopmans et al. (2003, 2006). To refill the lens, a 0.8 mm clear cornea paracentesis was 
made with a single edged diamond knife and an anterior chamber maintainer was inserted. 
This maintainer was connected to an infusion bottle containing phosphate buffered saline 
(PBS). Then, a 2.0 mm clear cornea tunnel incision was made using a diamond phaco 
knife. On approximately 1/4 of the diameter of the lens, a small peripheral puncture of 
the anterior lens capsule was made by a 25G needle. The capsule opening was torn into a 
1.0 to 1.5 mm diameter circular capsulorhexis with a micro-incision capsulorhexis forceps. 
Subsequently, a 25G blunt cannula connected to a 10 mL syringe with a polyethylene 
tube was used to extract the lens fibers by manual aspiration. After extraction of the lens 
fibers, the anterior chamber maintainer was removed and the anterior chamber was filled 
with sodium hyaluronate (Healon 10 mg/ml; Abbot Medical Optics, Uppsala, Sweden). 
A 3.0 mm diameter capsular plug (Terwee and Koopmans, 2007) was inserted through 
the capsulorhexis into the capsular bag, and the capsular bag was filled with a silicone 
polymer (Abbot Medical Optics, Groningen, The Netherlands). To inject this polymer, a 
25G blunt cannula was inserted into the bag. The silicone polymer was injected until it 
started to leak around the plug and the capsular bag was completely filled. The cannula 
was removed, and the plug was positioned to close the capsulorhexis. 
Treatment with actinomycin D
In the treatment cultured groups, the lens capsules received a mild (10 µg/ml for 5 minutes) 
or strong (50 µg/ml for 1 hour) treatment with actinomycin D (Sigma-Aldrich Corporation, 
St. Louis, USA) dissolved in purified water (milli-Q, EMD Millipore Corporation, Billerica, 
USA). After the removal of the lens fibers and the injection of sodium hyaluronate in 
the anterior chamber, the capsular bag was filled with the actinomycin D solution. The 
solution was left in the capsular bag for five minutes (TC mild) or one hour (TC strong). 
Then the actinomycin D was aspirated and the bag was flushed with PBS. Subsequently, 












Extraction of the lens from the eye
To enable viscoelasticity measurements, culturing, and microscopy, the natural and 
refilled lenses were extracted from the eye. First, the cornea was cut off with scissors with 
sharp curved blades. Then the iris was removed and the zonules were cut using Westcott 
scissors. The attached vitreous was removed by lifting the lens, and the lens was placed 
in the culture medium. 
Culturing method
The lenses were kept in culture medium consisting of minimal essential medium 
(MEM) supplemented with 12% fetal bovine serum (FBS), 2 mM GlutaMAX™-I, 1 mM 
sodium pyruvate, and 500 Units/mL penicillin – 500 µg/mL streptomycin – 1.25 µg/mL 
amphotericin B (all Life Technologies Ltd, Paisley, UK). The refilled cultured lenses and the 
treatment cultured lenses were cultured for 3 months in a 37 °C 5% CO2 incubator. The 
medium was changed twice a week.
Silicone polymer
The silicone polymer consists of two components which were mixed together by a static 
mixer and then injected in the lens. After a cross-linking process of 30 minutes at 35°C, 
the material reaches a stable Young’s modulus of 0.8 kPa (Koopmans et al., 2003). The 
Young’s modulus of a 20-year-old human lens is approximately 1 kPa and that of a 60-year-
old lens is 5 to 10 kPa (Fisher, 1971, Weeber et al., 2005). 
Viscoelasticity testing
The viscoelastic properties of the lenses were measured with a low load compression 
tester (LLCT) (Sharma et al., 2011). Simplified, the LLCT consists of a bottom plate which 
measures weight and a top plate which measures its position relative to the bottom plate 
(Figure 1). The change in position of the top plate and the force on the bottom plate were 
registered by a computer in LabVIEW (LabVIEW 7.2, National Instruments, Austin, US) for 
further data analysis. 
With the LLCT, first the weight and the thickness of the lens were determined, and 
then a stress relaxation experiment was performed where the lens was compressed by 
the top plate within 0.5 seconds to 90 percent of its initial thickness. The top plate was 
held in this position, and the force on the bottom plate was measured for a period of 100 





Low load compression tester 
Lens 
FIgure 1. Schematic view of the low load compression tester. The LLCT consists of a bottom plate 
which measures the weight, and a top plate which measures its position relative to the bottom plate. 
At the start of the measurement the lens is placed on the bottom plate.
Figure 2 shows an example of typical data for a refilled lens, giving an impression of 
the viscoelastic properties of the lens. The precise percentage relaxation and the stiffness 
can be calculated from the raw data as follows. The percentage relaxation is the percentual 
difference between the maximal force, just after the start of the measurement, and the 
force measured after 100 seconds. The stiffness is the slope of the line corresponding 
with the force at different time points during the 10 percent deformation at the start of 
the measurement. We used force to calculate percentage relaxation and stiffness because 
the cross sectional area on which the force is active is unknown, therefore stress cannot be 
calculated, as previously explained in Sharma et al. (2011).
Imaging of lens epithelial cells
Following the final LLCT measurements, the lenses were fixated with 3.7% paraformadehyde 
during 1 hour and permeabilized for 15 minutes in 0.5% triton X-100. Subsequently, the 












PBS containing 1% bovine serum albumin. The lenses were stored in PBS until microscopic 
observation. The Leica TCS SP2 Confocal Laser Scanning Microscope (Leica Microsystems, 
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FIgure 2. Typical data for a lens tested with the LLCT. The percentage relaxation is the difference 
between the maximal force and the force after 100 seconds. The stiffness is calculated from the slope 
of the graph during the 10 percent deformation in 0.5 seconds. 
After microscopic imaging of the LECs, the degree of CO per lens was determined 
based on the level of LEC migration onto the posterior capsule. The equatorial region 
always showed LEC growth, thus the degree of CO was taken as 0 when both the anterior 
and posterior capsule were free of LEC. We graded a 1 if only the anterior side showed 
LEC and 2 if both sides showed LEC. The degree of CO per group is shown with these 
numbers together with schematic drawings of lens cross sections which correspond with 
the LEC growth in refilled lenses with and without actinomycin D treatment (Figures 3 
and 4).
Statistical analyses
The Statistical Package for the Social Sciences (IBM SPSS Statistics 20) was used to analyze 
the data. The data was analyzed in two ways. First we performed a group comparison in 
which the lenses were divided into five groups: a control group (N), a group with the 
refilled lenses tested at day 0 (R), the refilled lenses cultured for three months (RC), the 
refilled lenses with mild actinomycin D treatment and cultured for three months (TC mild), 
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and the treatment cultured lenses with a strong actinomycin D treatment (TC strong). 
Kruskal-Wallis analyses with Wilcoxon rank-sum post-hoc tests and Holm-Bonferroni 
correction were used to test for significant differences between the groups in lens thick-










































FIgure 3. Box plot of percentual difference between the refilled lenses at day 0 and after a culturing 
period of three months. The dotted line shows the data of the groups at day 0, which was set on 100 
percent. The boxes show the percentual difference of the data after three months. Together with the 
group names a schematic cross section and CO grading is shown. Significant differences between 
groups are indicated with †.
As a second analysis we performed a within-lens comparison for the refilled, the 
treatment mild, and treatment strong lenses. The percentual difference was calculated 
between the data from day 0 and the data from the same lenses after three months 
of culturing. The data at day 0 were set at 100 percent, so for each group of lenses 
three variables for within-lens differences were obtained. The differences in thickness, 
percentage relaxation, and stiffness between groups were compared with Kruskal-Wallis 
analyses with Wilcoxon rank-sum post-hoc tests and Holm-Bonferroni correction. P values 
≤ 0.05 were considered statistically significant (indicated with †) and with Holm-Bonferroni 




















FIgure 4. Confocal Laser Scanning Microscope images from lenses after 3 months of culturing. The 
figure shows images from the anterior and posterior side of a lens from the refilled cultured group 
and the treatment cultured groups. Together with the group names a schematic cross section and 
CO grading is shown.
3.3 Results and discussion 
group comparison
Fifty fresh natural porcine eyes were obtained from the local slaughterhouse and due to 
dropout we were left with 41 lenses, which were divided into the five groups: natural (N, 
n = 9), refilled (R, n = 7), refilled cultured (RC, n = 10), treatment cultured mild (TC mild, 
n = 8), and treatment cultured strong (TC strong, n = 7). Figure 5 shows the differences 
between the groups in lens thickness, percentage relaxation, and stiffness. Kruskal-Wallis 
analyses revealed significant differences between the groups for all three variables (P 
values ≤ 0.009). For the thickness measurements, the natural lenses had the smallest 
range. The larger range and differences in thickness between the refilled lenses were 
probably due to differences in injected volumes of the silicone polymer as this is difficult 
86
to control. Post-hoc tests showed a significant difference in thickness between the R and 
RC groups (P = 0.002). Differences in injected volumes could have some influence on 
the percentage relaxation. With less volume injected, we expect a higher percentage 
relaxation because then the flexibility of lens capsule contributes more to the total 
viscoelasticity of the lens. However, this was not found in the individual lenses. In section 
3.3 (page 87) the results from the within-lens measurements of the thickness of these 





















































FIgure 5. Box plot of the diffe-
rences between groups in lens 
thickness, percentage relaxation, 
and stiffness. Group medians, 
quartiles and outliers (o = outlier, 
* = far outlier) are shown for 
each outcome variable. Signifi-
cant diffe rences between groups 
are indi cated with †. N: natural 
lenses, R: refilled lenses, RC: 
refilled cultured, TC mild: treat-













The graph of the percentage relaxation (Figure 5) shows that natural porcine lenses 
have the largest ability to relax after a 10 percent deformation, significantly different from 
all the other groups (P values ≤ 0.001). It is also notable that there is a trend for differences 
between the refilled lenses at day 0 (R) and the lenses after culturing (RC), however, this 
was not significant. Based on our hypothesis we expected that the RC group had less 
relaxation due to capsular fibrosis.
With respect to stiffness, the N and R groups were significantly different from all the 
other groups (P values ≤ 0.009). It is remarkable that the range of natural lens stiffness 
is much larger than that of the refilled groups, indicating that the natural variety of lens 
stiffness is rather large despite the fact that the pigs from which the eyes were obtained 
all had a similar age at sacrifice (six months). Furthermore, it is notable that the natural 
porcine lenses appear to be much stiffer compared to the refilled lenses, also after three 
months of culturing. This shows that the silicone polymer is much more flexible than the 
lenscontent of a young pig. Even after the development of capsular fibrosis the refilled 
lenses are less stiff compared with natural porcine lenses. The stiffness of the natural 
porcine lens is reflected in the fact that pigs do not show accommodation.
Within-lens comparison
The within-lens differences between day 0 and 3 months for the refilled cultured (n = 4), 
treatment mild (n = 4), and treatment strong (n = 4) groups are highlighted in Figure 3. 
These groups were more at risk for fungal contamination of the lenses in culture due to 
the various manipulations necessary for the LLCT measurements, resulting in a higher 
dropout of lenses. Despite the fact that the groups were small, differences between 
groups were found. Kruskal-Wallis analyses revealed significant differences between the 
groups for all three variables: thickness (P = 0.025), percentage relaxation (P = 0.012), and 
stiffness (P = 0.026). 
Figure 3 shows that the refilled lenses increased in thickness over the 3 months of 
culturing, while a decrease in thickness was seen when CO was prevented with actinomycin 
D treatment (P = 0.021). However, because of correction for multiple testing caution is 
needed with interpreting these values (Holm-Bonferroni corrected α = 0.05 / 3 = 0.017). 
Unfortunately, this problem is attributable to the small sample size in groups, making the 
minimal reachable P value P = 0.021. So with these tests we only can interpret overall 
group P values correctly. Since we used the percentual difference between day 0 and 
3 months and there was no overlap in values between groups, these findings suggest a 
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possible effect of treatment on lens thickness. To underline this argument we additionally 
performed a Wilcoxon rank-sum test for the difference between the refilled group and 
both treatment groups together and this was found to be significant (P = 0.007). The 
increase in lens thickness in the refilled group can be due to CO inside the lens capsule. 
In the lenses treated with actinomycin D, the development of CO was much less, hence 
no increase in lens thickness was observed. 
The group differences for the percentage relaxation were also found to be significant 
(P = 0.012). For all the refilled lenses the percentage relaxation decreased over 3 months, 
most likely due to lens stiffening as a result of capsular fibrosis. Interestingly, we found 
an increase in percentage relaxation in all the treated lenses. The box plot shows even 
a higher increase in the lenses with the strong treatment. In the post-hoc tests these 
differences between the refilled and treatment groups were also found to have the lowest 
possible P value (P = 0.021). When both treatment groups were combined and compared 
with the refilled group we found a significant difference for percentage relaxation (P = 
0.007). So the data show an effect of actinomycin D treatment on percentage relaxation 
when both treatment groups are taken together and display a potential difference 
between mild and strong treatment. 
For the stiffness data we can see an inverse distribution of the boxes compared to 
the percentage relaxation data. The refilled lenses increased in stiffness due to capsular 
fibrosis. In the mild treatment lenses the stiffness increased or decreased a bit, and for the 
strong treatment the stiffness decreased over 3 months. The differences between both 
treatment groups can be attributed to the formation of CO (see Figure 4), as the lenses 
with the mild treatment still had LECs on the anterior capsule and some LECs posterior, 
and the strong treatment lenses only had LECs in the equator. The difference between the 
refilled and the treatment strong lenses was found to be the lowest possible P (P = 0.021), 
so this would suggest a possible influence of therapy on stiffness measured with the LLCT. 
We also performed a comparison for stiffness in which we combined both treatment 
groups against the refilled group, and this was found to be significant as well (P = 0.011). 
The observed differences are supported by the results of the confocal imaging which are 













Figure 4 shows representative images for lenses from the RC, TC mild, and TC strong 
groups. The figure shows stretched cells on the anterior side of the refilled lens, indicating 
a transdifferentiation of LECs. Furthermore, the image of the posterior side of the refilled 
lens is fully filled with migrated LECs. So the lenses in the refilled group all had extensive 
development of CO. In the TC mild lenses the anterior capsule was covered with LECs, 
but now with a more normal conformation; hexagonally shaped LECs similar to LECs in 
a natural lens. In the image of the posterior side of this lens some LECs are visible in the 
periphery, so there was some cell migration. The TC strong lenses only showed some 
LECs in the equatorial regions of the posterior and anterior capsule, but none in the 
central axis of the anterior or posterior capsule. All lenses showed LEC migration on both 
the posterior and the anterior capsule. This is probably due to the fact that we did not use 
anterior capsule polishing techniques during the refilling procedure, so there were always 
LEC left on the anterior capsule in varying amounts. 
Combining mechanical data and microscopic imaging
To our knowledge, this is the first paper combining microscopic imaging of CO with 
mechanical properties of the same lenses. The CO as seen in the images in Figure 4 is 
well related to the outcome of the LLCT measurements represented in Figure 3. These 
figures show that the treatment with actinomycin D decreased capsular fibrosis and that is 
reflected in a reduced stiffness of the lens. Actinomycin D treatment has already been used 
before in studies aimed at the prevention of CO (Koopmans et al., 2011, Koopmans et al., 
2014, Sternberg et al., 2010, van Kooten et al., 2006). It was shown that actinomycin D can 
be effective in preventing CO, however, once it leaks out of the lens capsule in the anterior 
chamber severe damage to the corneal endothelium may happen resulting in corneal 
opacity. In this study we used a much higher dose of actinomycin D and a much longer 
application time compared to previous studies in an effort to eradicate all LECs from the 
capsular bag. Despite the high dose and application time, LECs could still be detected 
in the equatorial region of the cultured lens capsules after 3 months. In a previous study 
using LLCT measurements it was already shown that differences in viscoelastic properties 
of natural lenses could be detected using this technique (Sharma et al., 2011). The current 
study confirms the fact that this technique is sensitive enough to measure differences in 
lens viscoelastic properties. A clear relation with the occurrence of capsular fibrosis has 
been shown in this study, although a causal relationship cannot be proven.
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Comparison to other methods for measuring mechanical lens properties
Several other methods have been described to monitor mechanical properties or 
accommodation in lenses. First, a considerable number of studies have been published 
on the use of a lens stretcher (Ehrmann et al., 2008, Fisher, 1977, Glasser and Campbell, 
1998, Kammel et al., 2012, Koopmans et al., 2003, Manns et al., 2007, Pierscionek, 1995, 
Reilly et al., 2008). With this method the lens, together with the ciliary body, is placed 
into a device which can stretch the lens. During the stretching, different parameters can 
be monitored, like optical changes, geometrical properties, and stretching force. This 
method has also been carried out on refilled accommodating lenses. Reilly et al. (2009) 
used a robotic lens stretcher to make a comparison between natural and refilled porcine 
lenses, and Koopmans et al. (2003) used a lens stretcher to evaluate accommodation in 
refilled human donor lenses. Another method to monitor lens properties is a bubble-
based acoustic radiation force (Erpelding et al., 2007, Yoon et al., 2013). To measure 
the viscoelasticity, bubbles are induced by a laser in specific parts of the lens. Then an 
acoustic radiation force is applied on the bubbles and the displacement is measured. The 
technique has only been described for the use in natural lenses, and it is not possible 
to combine this technique with the measurement of optical properties. Geometrical 
properties of accommodation in vivo could be monitored by magnetic resonance 
imaging (MRI) (Strenk et al., 1999), scheimpflug imaging (Hermans et al., 2009), or optical 
coherence tomography (Shao et al., 2013, Zhong et al., 2014). Stachs et al. (2011) studied 
the use of high-resolution MRI for the monitoring of accommodation in normal and refilled 
leporine lenses. Their results showed that high-resolution MRI is a useful imaging method 
for the analysis of leporine lens refilling in vivo. In the current study, the viscoelasticity was 
measured with a low load compression tester. The LLCT can measure the properties of 
the lens material itself or of the lens together with the capsule. The use of an LLCT was 
first described by Sharma et al. (2011). They used the LLCT to measure the viscoelastic 
properties of human, simian, leporine, and porcine lenses. A major advantage of the 
LLCT is that mechanical lens measurements can be combined with lens culture over time. 
This is not possible with the other described methods. To conclude, we state that the 














In this study we show that the development of capsular opacification in isolated refilled 
lenses results in an increase in lens stiffness. Treatment with actinomycin D resulted in a 
reduction of capsular fibrosis and stiffness of the lenses. This implies that capsular fibrosis 
contributes to the decrease in accommodative amplitude after lens refilling. The applied 
method using the LLCT is sensitive enough to measure differences in viscoelastic lens 
properties ex vivo, and therefore can be used to analyze changes in viscoelastic lens 
properties due to actions such as lens refilling and treatment of the lens. 
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